The microstructures and magnetic properties of Co 90Àx Zr 10þx (x ¼ 0{20) alloy ingots and those melt-spun ribbons were examined in order to clarify the phase and microstructure of the Co-Zr system alloys. The Co 90 Zr 10 alloy ingot and melt-spun ribbon consisted of Co, Co 23 Zr 6 , and Co 11 Zr 2 phases. Although the Co 80 Zr 20 alloy ingot consisted of Co, Co 23 Zr 6 , and Co 11 Zr 2 phases as was the case for the Co 90 Zr 10 alloy ingot, those melt-spun ribbon consisted of metastable Co 5 Zr phase together with Co and Co 23 Zr 6 phases. The Co 70 Zr 30 alloy ingot and melt-spun ribbon consisted of Co 2 Zr phase. Among the alloy ingots and those melt-spun ribbons, only the Co 80 Zr 20 melt-spun ribbon with the metastable Co 5 Zr phase exhibited a high coercivity. This study confirmed that the hard magnetic phase was not the Co 11 Zr 2 phase but the metastable Co 5 Zr phase.
Introduction
With the advent of the high-energy-product Nd-Fe-B permanent magnets, research and development on new permanent magnetic materials are largely concentrated on rare earth containing alloys. 1, 2) Because of the intensive studies of the Nd-Fe-B permanent magnets, the maximum energy products of the Nd-Fe-B permanent magnets have been improved and reached the practical limitations of the Nd-Fe-B permanent magnets. [3] [4] [5] Thus, the development of a new permanent magnet is expecting in the permanent magnet society. One of the candidates for the new permanent magnetic materials is Co-Zr system alloy. [6] [7] [8] [9] [10] Although the maximum energy products of the Co-Zr system alloys are not yet comparable with those of the rare earth containing alloys, their maximum energy products have been improved as high as those of the hard ferrites. 11) In order to improve the magnetic properties of the Co-Zr system alloys, it is essential to determine the hard magnetic phase in Co-Zr system alloys. It has been reported that the hard magnetic phase in the Co-Zr-B melt-spun ribbons is either Co 5 Zr or Co 11 Zr 2 phase. 8, 9) H. H. Stadelmaier et al. have proposed that no Co 11 Zr 2 phase is existed in the Co-Zr system alloys and that the reported Co 11 Zr 2 phase is identical to the Co 5 Zr phase. 12) Recent studies reveal that the annealed Co-Zr and Co-Zr-B melt-spun ribbons with the composition near Co 80 Zr 20 have the Co 11 Zr 2 phase together with the hard magnetic Co 5 Zr phase. 11, 13) In this study, Co-Zr alloy ingots with the compositions of Co 90Àx Zr 10þx (x ¼ 0{20) and those melt-spun ribbons were prepared to clarify the phase and microstructure of the Co-Zr system alloys. The relationship between the microstructures and magnetic properties of CoZr system alloys and those melt-spun ribbons are discussed.
Experimental
Co 90Àx Zr 10þx (x ¼ 0{20) alloy ingots were prepared by arc melting in an argon atmosphere. Small amounts of the alloy ingots were placed in a quartz crucible with an orifice of 0.6 mm at the bottom. The alloy ingots were induction melted in an argon atmosphere and then ejected through the orifice with argon onto a chromium-plated copper wheel rotating at the surface velocity of 40 m/s. The resultant melt-spun ribbons were obtained as fragmented pieces (thickness 20 mm, width 2 mm).
The phases of the specimens were identified by X-ray diffraction (XRD) using Cu K radiation. The microstructures of the specimens were examined by a scanning electron microscope (SEM) equipped with an electron probe microanalyzer (EPMA) after polishing and etching in a solution of 10 ml methanol and 20 ml nitric acid. The magnetic properties of the specimens were measured by a vibrating sample magnetometer (VSM) with a maximum applied field of 1.2 MA/m. The specimens were magnetized in a pulsed magnetic field of 4.0 MA/m before the VSM measurements. Figure 1 shows the XRD patterns of the Co-Zr alloy ingots. Although some differences in diffraction peak height ratios are noticed in the XRD patterns of the Co Figure 2 shows the back-scattered electron micrographs of the Co-Zr alloy ingots. The microstructure of the Co 90 Zr 10 alloy ingot has a lamellar of gray and white layers together with black spots. This suggests that the Co 90 Zr 10 alloy ingot consists of three different phases. The compositions of these phases in the Co-Zr alloy ingots were determined by EPMA analysis. EPMA studies revealed that the gray layer, white layer, black spots were considered to be the Co pattern. The solidification rate achieved by the melt-spinning is not high enough to form the off-stoichiometric metastable Co 5 Zr phase in the Co 70 Zr 30 alloy ingot. It is known that melt-spun ribbons with fine grains exhibit a high coercivity in the Nd-Fe-B alloys.
Results and Discussion
2) Thus, the microstructures of the Co-Zr melt-spun ribbons were examined by SEM. Figure 4 shows the SEM micrograph of the Co-Zr melt-spun ribbons. Regardless of the alloy composition, fine grains were observed in the SEM micrographs of the melt-spun ribbons. Expect for the SEM micrograph of the Co 80 Zr 20 melt-spun ribbon, white and dark grains were found in the SEM micrographs. Further studies are essential to determine the phase in the fine grains of the Co-Zr melt-spun ribbons. spun ribbons is assumed to be 8.42 g/cm 3 of the Co 80 Zr 20 alloy.
8) The maximum energy product, ðBHÞ max , is calculated to be 10.6 kJ/m 3 for the Co 80 Zr 20 melt-spun ribbon. The maximum energy product as well as the coercivity can be improved by the small addition of boron.
11)

Conclusions
The microstructures and magnetic properties of Co-Zr alloy ingots and those melt-spun ribbons were studied. 
